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ABSTRACT

Majority of patients infected with the COVID 19 virus display a mild to moderate course of disease and spontaneously recover at 14-20 days. However, about 15% of
patients progress to severe stages and 2.5% of these patients succumb to this illness. Most patients with severe disease belong to the elderly age group (< 65 years of
age) and have multiple associated co-morbidities. The immune responses induced by the COVID 19 virus, during the incubation and non-severe stages, requires the
early initiation of a specific adaptive immune response to eliminate the virus and prevent the progress to severe stages. In patients with a dysfunctional bridge
adaptive immunity, the innate immune response becomes exaggerated due to the lack of feedback from the adaptive immune cells. The resultant cytokine storm is
responsible for the severe lung injury leading to acute respiratory distress syndrome seen in COVID 19 patients.

Mesenchymal stem cells are known to suppress overactive immune responses as well as bring about tissue regeneration and repair. This immuno-modulatory effect

of MSCs could hold potential to manage a patient with severe symptoms of COVID 19 infection due to a dysfunctional adaptive immune system.

Introduction

Individuals infected by the COVID 19 virus display a clinical course
ranging from asymptomatic carriers, mildly symptomatic individuals to
those with severe respiratory distress and death, based on age and other
co-morbid features [1-3].

About 80-85% of patients infected with the COVID 19 virus display
a mild to moderate course of the disease and spontaneously recover at
14-20 days from the point of the first contact. However, about 15% of
patients progress to severe stages of the disease, often requiring ICU
admission and mechanical ventilation with around 2.5% succumbing to
this illness [1,2]. Research has shown that most of the patients who
progress to severe stages of disease belong to the elderly age group <

65 years of age and have multiple associated co-morbidities [1].

This paper serves to bring out the immunological responses of pa-
tients with severe disease, in order to design pertinent interventions to
decrease morbidity and mortality of COVID 19.

Functional bridge adaptive immunity in patients with favourable
outcomes with COVID 19

The immune responses induced by the COVID 19 virus, during the
incubation and non-severe stages, requires the early initiation of a
specific adaptive immune response to eliminate the virus and prevent
the progression to severe stages [4]. This is carried out by neutraliza-
tion of free virus particles and termination of viral replication by an-
tiviral cytotoxic T cells (CTLs).

The Innate cytokine responses, like Interferon (IFN) alpha/beta or
IFN-gamma have roles in controlling and initiating downstream adap-
tive immune responses [4]. Interferon-alpha and beta are synthesized
by most virally infected cells whereas IFN-y is synthesized only by
certain cells of the immune system like the natural killer (NK) cells, CD4
Th1 cells, and CD8 cytotoxic suppressor cells.

A decrease in lymphocytic count is a deterrent to the adaptive im-
mune response. Mild to moderate lymphocytopenia is a common hae-
matological finding (about 44% of all patients) in individuals with
COVID 19 infections. Studies have shown an absolute lymphocytic
count of about 1-1.2 x 10°/L [5,6].

* Corresponding author at: Regional Director Head and Neck Surgical Oncology and Robotic Surgery, HCG Towers, #8, P. Kalinga Rao Road, Sampangiram Nagar,

Bangalore, India.
E-mail address: drvishal.rao@hcgel.com (V. Rao).

https://doi.org/10.1016/j.mehy.2020.109845
Received 21 April 2020; Accepted 14 May 2020
0306-9877/ © 2020 Published by Elsevier Ltd.


http://www.sciencedirect.com/science/journal/03069877
https://www.elsevier.com/locate/mehy
https://doi.org/10.1016/j.mehy.2020.109845
https://doi.org/10.1016/j.mehy.2020.109845
mailto:drvishal.rao@hcgel.com
https://doi.org/10.1016/j.mehy.2020.109845
http://crossmark.crossref.org/dialog/?doi=10.1016/j.mehy.2020.109845&domain=pdf

V. Rao, et al.

DECREASED IMMUNE RESPONSE

B

MOBILIZATION

Medical Hypotheses 143 (2020) 109845

INCREASED PROINFLAMMATORY CYTOKINES

IL-6

EARLY INFECTIVE INTERFERON
SNREEIR PHASE OF COVID 19 GAMMA
POSITIVE NEGATIVE
FEEDBACK : : FEEDBACK
llllllllllllllllllllllllll; . E .
INCREASE IN . @ I DECREASED

TH1 CELL

PROLIFERATION

MESENCHYMAL STEM CELLS

LINES AND
DECREASE

T CELLS

INCREASE
IN
CYTOTOXIC
T CELL
ACTIVITY

INTERFERON GAMMA ,
DOWNREGULATION OF NO

AND IDO

DECREASE
TREG
ACTIVITY
REDUCED
TGF BETA

\ ' IN
: ACTIVATION
SECRETION OF SOLUBLE FACTORS LIKE OF T CELLS

NO, IDO, TGF BETA , PGE2, HLA,-GS5,

DECREASED
CYTOTOXIC

SOLUBLE IL-6

ACTIVITY

UPREGULATION
OF T REG
CELLS AND
TGF BETA
PRODUCTION

EEEEEEEEEEEEEENEEENEE NN NN NN EENEENEENEEENEEENEEENEEEEN,

REGULATION OF NK
CEEEEEEEEEEEEEEEEEEEEEEEEER el CEPLSSACTIVITY.AND IEN
MACROPHAGE GAMMA PRODUCTION
ACTIVATION BASED ON TYPE OF
STIMULU S

T CELL H

INHIBITION OF DENDRITIC DECREASED
CELL LEADING TO CHEMOTAXIS
DECREASED TNF ALPHA INSRERSED ' |fesssssssssssssassssnasnnnnnann .
DECREASED ANTIGEN MOBILIZATION
PRESENATTION

UP REGULATION OF IMMUNE SYSTEM WITH INCREASE
IN PRODUCTION OF PROINFLAMMATORY CYTOKINES

DOWNREGULATION OF EXCESSIVE IMMUNE RESPONSE , DECREASE
IN PRO- INFLAMATORY CYTOKINES, INCREASED TISSUE
REGENERATION AND REPAIR

Fig. 1. mechanism of action of mesenchymal stem cells for immunomodulation.

Early recruitment of CD4+ and CD8+ cells is crucial in the re-
covery of patients with COVID 19 Infections. Studies have shown that
although CD4 + and CD8+ expression is lesser in patients with COVID
9 than healthy individuals, there is a steady increase in expression upto
4-5 days [6-8].

Individuals that recovered from the disease with only mild to
moderate symptoms show activated CD4+ and CD8+ T cells, (co-ex-
pression of CD38 and HLA-DR), along with IgM and IgG viral-specific
antibodies [4,7,8]. The emergence and rapid increase in activated T
cells, especially CD8 + T cells, at days 7-9 has been shown to precede
the resolution of symptoms. Following this, there is a rapid decline
CD8+ cells and minor decline in CD4+ cell population upto day 20
[4]. This coincides with complete recovery of the patient, thus estab-
lishing the importance of a functional bridge adaptive immunity.

Dysfunctional bridge adaptive immunity in COVID 19 patients
with severe disease

In cases that progress to severe or critical stages, counts of periph-
eral CD4+ and CD8+ T cells were substantially reduced around Day
4-5. Jing Liu et al. [6] demonstrated a significant reduction in CD8 cell

counts with an insignificant decrease in CD4 counts in peripheral blood
in severe cases when compared to mild cases. The T cells, although
reduced in number, show hyperactivity as evidenced by the high pro-
portions of HLA-DR and CD38 expression. Additionally, CD8+ cells
contain higher concentrations of cytotoxic granules of perforin and
granulysin but are grossly reduced in number [4,6]. This implies an
over-activation of T cells, and high cytotoxicity of CD8 T cells leading to
an exaggerated immune response. This is substantiated by the increased
expression of IL6, IL10, IL2 and IFN-y in the sera of severe cases when
compared with that of the mild cases [6].

The levels of inflammatory cytokines (IL1, TNF alpha, IL6) are high
in the lungs of COVID-19 patients and these cytokines are strong in-
ducers of hyaline production in lung alveolar epithelial cells, and fi-
broblasts [8,9]. Lung inflammation is the main cause of life-threatening
respiratory disorders and the severity of pulmonary immune injury
correlates with extensive infiltration of neutrophils and macrophages in
the lungs [10].

More pertinently, it has been demonstrated that when T cell counts
drop to their lowest levels at day 4-6, the serum IL10, IL2, IL4, TNF-a
and IFN-y levels reach their peaks thereby initiating a cytokine storm
[6]. This excessive, ineffective host immune response may lead to
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severe lung injury leading to Acute respiratory distress syndrome
(ARDS) [7].

As the infection progresses and becomes severe in intensity, the
remaining T cells are unable to sustain long term activation, leading to
immune exhaustion and decline in effector activity and proliferation
[11]. The overstimulated innate immune response, without feedback
from adaptive immune system clearly demonstrates the dysfunctional
bridge adaptive immunity.

Basis for mesenchymal stem cells (MSCs) in treatment of severe
COVID 19 illness

Mesenchymal cells derived from umbilical cord, dental pulp, bone
marrow etc, have been used for immune modulation in various auto-
immune disorders [12].

Mesenchymal stem cells are known to suppress overactive immune
responses as well as maintain a pro-inflammatory phenotype when in-
flammatory responses are absent. MSCs also bring about tissue re-
generation and repair [12,13]. The plasticity of these mesenchymal
cells according to the presence or absence of pro inflammatory cyto-
kines has been described and is being intensively studied [14].

This immunomodulatory effect of MSCs could hold the potential to
manage a patient at risk of manifesting the severe symptoms of COVID
19 infection due to a dysfunctional adaptive immune system (Fig. 1). A
few reports of use of mesenchymal stromal/stem cell in the treatment of
COVID 19 has emerged in recent times with promising results [15].
Wilson et al conducted a study to investigate the effectiveness and
safety of the use of mesenchymal stem cells for ARDS with favourable
results [16].

MSCs are non-immunogenic due to their low expression of Major
histocompatibility Complex (MHC). This makes it well suited for ther-
apeutic interventions using allogenic transfers without HLA matching
[17]. In the presence of an exaggerated immune response as seen in
COVID 19 patients with cytokine storm and ARDS the pro-inflammatory
cytokines bring out an anti-inflammatory effect on the MSCs. The MSCs
secrete several soluble factors such as Nitric oxide (NO) Transforming
growth factor (TGF) beta Prostaglandin E2 (PGE2) indoleamine 2 3-
dioxygenase (IDO) HLA -G5 and soluble interleukin 6. These molecules
then inhibit the proliferation and activation of TH1 and TH17 cell lines
thereby decreasing the production of interferon-gamma and interleukin
17. They also inhibit the activation of cytotoxic CD8+ cells thereby
reducing direct injury to lung parenchyma. The activity and maturity of
dendritic cells are also reduced via PGE2 pathways hence decreasing
TNF alpha and increasing IL10 which is anti-inflammatory. This then
activates T reg cells that regulate the T cell activity and further increase
the production of IL10. The NK cells are suppressed both by the se-
cretion of these soluble molecules as well as contact-mediated com-
munication with MSCs. MSCs also bring about increased mobilization
and decreased chemotaxis of neutrophils [12-14].

Mesenchymal stem cells may be lysed or inactivated by the already
activated NK cells. This phenomenon can be controlled by priming the
MSCs with interferon-gamma before transfusion [8,12,13].

To explore the use of mesenchymal stem cells in the treatment of
COVID positive patients with severe disease, we have initiated a clinical
trial (IMD/CoV/001,/2020) to transfuse Allogeneic mesenchymal stem
cells derived from donated bone marrow or umbilical cord adminis-
tered via intrapulmonary implantation where possible or administered
via the intravenous route.

In order to offset the neutralization of MSCs, we have proposed
priming of MSC with a cytokine cocktail derived from Thl cells of
healthy donors to suppress the hyperactive immune response and

Medical Hypotheses 143 (2020) 109845

promote tissue repair.
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